Abstract -Previous studies have found that engineering students can learn about ethics, both microethical and macroethical, through service-learning courses and co-curricular community engagements. This research has sought to generate a national picture through survey responses of how ethical issues are taught in these settings. Based on survey results, individuals who taught courses that included service-learning (n=160) incorporated a median of 8 ethical topics. Among co-curricular engineering service groups like Engineers Without Borders, a median of 7 ethical topics were incorporated. Microethical topics were more common in service-learning courses compared to co-curricular activities. A smaller percentage of co-curricular activities such as professional societies (39%), honor societies (39%), and design competitions (21%) indicated that students learned about ethics through working with communities. A range of teaching methods complemented the community engagement activities, with discussions and lectures used in over half of all learning through service settings. Assessment of students' learning on ethical topics was nearly universal in service-learning courses (94%), but uncommon in co-curricular engineering service settings (less than 14%). These results provide ideas on ethics topics that can be infused into community engagement activities, complemented by various teaching and assessment methods.
footbridges; this narrow focus lends itself to civil engineering, and there are about 12 university chapters. 22 Engineering World Health (EWH) is focused on leveraging biomedical engineering to improve healthcare delivery in the developing world; there are about 45 university chapters in the U.S. 23 Sometimes projects facilitated via these engineering service organizations form the basis for projects in credit-bearing courses, [22] [23] somewhat blurring the lines between curricular and co-curricular activities -hence the term LTS.
Although previous research has demonstrated the benefits of LTS to achieving ethics educational outcomes, it is unclear how widely LTS is used to teach students about ethics or how robustly such initiatives are assessed. LTS seems particularly well-suited to macroethics education, since it is directly engaging students with communities so that needs and impacts become more visible. This question of the breadth of LTS as a teaching method for ethics is explored in this research through a national study.
RESEARCH QUESTIONS
The research questions explored in this study were:
1. What topics related to ethics do instructors believe they teach via LTS? 2. What teaching methods are used in different LTS contexts to teach ethical issues? 3. What methods are used to assess ethics education in LTS contexts? 4. What are the opinions of those who teach ethical issues via LTS with respect to the sufficiency of the ethics education of engineering students, and in general?
METHODS
The data for this study were derived from two online surveys; one focused on co-curricular settings and the other on curricular settings for ethics education. The surveys were developed based on a literature review and an iterative approach where pilot versions of the surveys were tested at three
institutions. An open-ended question on the pilot surveys about the survey itself ('please share any feedback on this survey -length, type of questions, etc.') and interviews with faculty members after taking the pilot surveys also informed changes. Both surveys included questions about both courses and co-curricular settings, but the questions were presented to respondents in a different order. More details of the survey development process and questions can be found in Bielefeldt et al. 24 All research was conducted in accordance with methods approved by the University of Colorado Boulder Institution Review Board for research with human subjects.
From the co-curricular survey, engineering service groups was selected as a category of LTS activities of interest. EWB, EWH, and B2P sent out invitations to the survey via email to their faculty advisor lists. In addition, the first author emailed self-compiled lists of faculty advisors of these organizations and ESW; these advisor lists were compiled from online information. At some institutions, student chapters and/or projects are combined or collaborative among these groups (generally EWB-B2P, infrequently ESW-EWB). Response rates from these engineering service groups ranged from 30 to 40%. Community service activities may also be conducted via other non-engineering service (non-ES) co-curricular activities such as engineering professional societies, honor societies, design competitions (such as the US Environmental Protection Agency P3 25 26 ). Survey invitation emails were sent to advisors and mentors for these co-curricular groups; the overall response rate among these groups averaged 20%. In all, just over 5000 people were invited to take the co-curricular survey between mid-February and April 2016, and nearly 1050 responses were received by May 22, 2016 . More information on the distribution and overall responses to the co-curricular survey can be found in Knight et al. 27 The second online survey targeted student learning about ethics via curricular settings. Survey invitations were emailed to individuals on self-compiled lists of authors of journal and conference papers on ethics, and NSF grantees with abstracts that included the term ethics. The response rate to these invitations was around 20%. The Engineering Projects in Community Service (EPICS) 28 group sent an invitation to the survey to their list of domestic faculty. General invitations were also sent to lists from four divisions of the American Society for Engineering Education (ASEE): engineering ethics, community engagement, liberal education & engineering and society (LEES), and educational research methods (ERM). Response rates to these general list invitations were very low; less than 4%. Some of these individuals may have already responded to the survey from an invitation that they received from another source. We also expect that many of the same individuals are members of many of the ASEE divisions.
Data from Qualtrics' surveying software representing 1448 responses through May 22, 2016, were exported into a spreadsheet. This included partial responses that were manually closed. First the data was cleaned. For example, upon inspection of the "other" category of co-curricular activities, the write-in comments in some cases indicated courses (such as capstone design) or activities that were considered by the research team to be professional societies (such as the Association for Computing Machinery and the National Society of Black Engineers). In these cases, the responses were reclassified. Comparisons between groups were made using chisquared tests. Among the 1131 individuals who described the methods that they used to teach societal impact issues in one or more courses, 160 included SL in one or more courses (14%). Among the 160 individuals who taught via SL, 42 also mentored co-curricular engineering service groups (26%). The individuals who taught ethics via SL represented 119 institutions (including 6 from outside the U.S.). In all, 169 individuals mentored co-curricular engineering service groups at 114 institutions (including 8 outside the U.S.). Another 398 survey respondents mentored other types of co-curricular groups and reported that they worked with a community as a method to teach ethics; these individuals represented 214 different institutions.
The demographics of these three LTS groups (SL instructors, mentors of co-curricular engineering service groups, and mentors of non-ES co-curricular activities that participate in community engagement) are provided in Table I . Individuals could skip any questions throughout the survey, so the number of responses to the demographic questions is lower than the total number of responses. Respondents encompassed all engineering disciplines, including small numbers in disciplines not shown in the Table (aerospace, agricultural, architectural, biological, engineering physics, general, geological, materials, mining, nuclear, petroleum, plastics, pre-engineering, engineering management, engineering technology, and others). Note that the mentors of co-curricular engineering service groups represented a higher percentage of faculty who teach civil and/or environmental engineering students. SL instructors and other cocurricular groups that work with communities were more balanced across a diversity of disciplines. The academic ranks of the three groups were similar, but the mentors of co-curricular groups who worked with communities had fewer individuals who held additional roles such as deans, chairs, or directors. Gender distribution was similar among the three groups. PE licensure was significantly different between SL instructors and co-curricular mentors who worked with communities. Note that the number of SL courses, engineering service groups and co-curricular groups that work with communities that were described on the survey exceeded the number of individuals who mentored these activities, because some individuals described two activities of the same type that they mentored. 
RESULTS AND DISCUSSION

RQ1 -Topics
Among the individuals who used SL as a method to teach students about ethics, the median number of ethics-related topics taught was 8 (range 1 to 17). The median number of ethicsrelated topics associated with co-curricular engineering service groups was 7 (range 0 to 16). These values are similar and demonstrate rich incorporation of ethics-related topics in LTS activities. A wide breadth of ethics and social impact topics can clearly be incorporated into both SL and co-curricular LTS, as shown in Table II . Over half of these LTS activities included the following topics: societal impacts of engineering and technology, professional practice issues, sustainability, safety, engineering decisions under uncertainty. SL courses included more microethical topics (e.g., engineering code of ethics) and topics associated directly with "ethics" (e.g., ethical theories), while there was a single macroethical topic of engineering and poverty that was more commonly addressed in co-curricular engineering service groups (sustainability was marginally more common among co-curricular LTS).
A number of co-curricular mentors indicated that their groups engaged in working with a community as a method to teach ethical issues. Write-in comments from these respondents indicated that these activities included working with Habitat for Humanity, tutoring high school students, K-12 outreach, volunteering at local hospitals, etc. Among the engineering service groups, 85% indicated that students learned about ethical issues by working with communities (less than the 100% expected), compared to 39% of engineering professional societies, 39% of engineering honor societies, 21% of design competitions, 16% of REU sites/research, and 37% of "others". Among the co-curricular activities where the faculty mentor indicated that they worked with communities, but not including the engineering service groups, the median number of ethics-related topics taught to students was 4 (range 1 to 18). This was fewer topics than among SL courses and engineering service groups. The extent to which specific ethics-related topics were included in these co-curricular activities that also included community involvement differed in nearly all cases from the extent that the topics were taught in engineering service groups (Table II) , with the majority of macroethical topics more prevalent in the engineering service groups. This indicates that the types of community involvement in engineering service groups, which is typically a longer-term partnership to solve a community need, differs from the types of community involvement more typical of professional groups and other co-curricular activities (perhaps short-term engagement, individual-level vs. community level, etc.). There were a few differences among various engineering service groups in the extent that ethics-related topics were taught (Table III) . EWH included more bioethics, while EWB included more about engineering decisions in the face of uncertainty and risk and liabilities. These differences are not surprising given that EWH tends to focus on health related topics, while EWB tends to focus more on community infrastructure projects.
SL Course Types
Individuals were given an opportunity to describe up to two different courses where they taught engineering students about ethics-related issues. Fifteen individuals described two courses that included SL, and 145 described one course that included SL; thus, a total of 175 courses were in the dataset. The majority of the SL courses (58%) were required for undergraduate students in one or more engineering majors, many (41%) were electives for undergraduate engineering students; far fewer were graduate-level courses (1% required, 12% electives). Some courses fell into multiple categories, such as courses that are cross-listed for senior undergraduates and incoming graduate students. The graduate-level SL courses were most common for majors in civil (n=8), environmental (n=7), and mechanical (n=6) engineering. Examples of these graduate-level courses are: indoor air quality engineering, photovoltaic systems engineering, design for development, and engineering ethics and the public. International
Respondents further characterized the undergraduate courses as shown in Table IV . The results show that SL as a method to teach ethics-related issues can be incorporated into any type of course. Among the SL courses required for undergraduate students, senior capstone design was the most common. The SL senior capstone courses were most common for mechanical (n=8), biomedical (n=5), civil (n=5), computer (n=5), and electrical (n=4) engineering majors. Specific examples of sophomore or junior level required engineering science or engineering courses include: thermodynamics, software engineering, human factors engineering, introduction to materials science and engineering, surveying, sustainability in civil and environmental systems, solid and hazardous waste management. Among the elective undergraduate courses, the most common type was a design-focused course in the sophomore, junior or senior year; examples of these courses are: hydrologic engineering, steel design, leadership in building energy efficiency, sustainable engineering and international development, engineering service project. The other group included EPICS courses (any year, community-focused design projects) and cross-listed senior/graduate courses. 
Co-curricular Types
Among the responses for specific non-service oriented co-curricular groups, indications that students learned about the societal impacts of technology/ethics via working with communities varied. Example data are shown in Table V for co-curricular groups with more than 20 respondents. Working with communities as a method to teach students about ethical issues ranged from 14% for the American Institute for Aeronautics and Astronautics (AIAA; of n=22) to 100% for Associated General Contractors (AGC; of n=5). The civil engineering professional society exceeded the computing, chemical, mechanical, and electrical engineering professional societies and the civil engineering honor society in the prevalence that working with communities was reported as a method to teach students about ethical issues (p < 0.05). Tau Beta Pi also exceeded Chi Epsilon in the extent that working with communities was reported as a method to teach students about ethical issues (p=0.006).
International 
RQ2 -Methods to Teach Societal Impact Issues
In the SL courses there were, on average, 6 different methods used to teach students about societal issues in addition to SL (range 1 to 14). The results indicate that a diverse range of teaching methods are typically incorporated into these SL courses. The most common types of methods beyond SL are shown in Table VI . Active and/or student-centered methods are among the most common, frequently complemented by other methods such as lectures. The variety of teaching methods may be particularly effective to help students with a breadth of learning styles. Somewhat surprisingly, reflections were described as a teaching method for only 46% of the SL courses; however, a higher percentage of the courses did require reflections (as indicated by the fact that 62% of the SL courses used reflections as an assessment method). On the co-curricular survey, only four teaching methods were provided as response options: lectures, presentations, and/or guest speakers; discussions; working with communities; and design projects (that is why all of the other methods appear as N/A in Table VI ). All four of these methods were fairly common across both SL courses and co-curricular activities. Individuals were invited to list other methods, as well as to 'Briefly describe how engineering students learn about broader impacts and/or ethics in this informal education setting.' Under the other methods, write-in responses for engineering service groups included conferences (4; EWB-USA hosts a number of regional and a national conference each year), reflection (1), and others. However, a number of others described reflection activities in the broader response, including via "group reflection nightly on the trip". There were additional descriptions of symposia/conferences for both engineering service groups and other co-curricular activities. The responses frequently elaborated on the types of activities involved with working with communities and the design process.
RQ3 -Assessing Student's Ethics Education
A number of different methods were used to assess students' understanding of societal impacts/ethical issues in SL courses, as shown in Table VII . The average number of different methods used was 3, with a range of 0 (do not assess these outcomes) to 8. The most popular assessment methods in SL courses were individual reflective essays and group-based written assignments (likely various types of design reports and/or memos from team projects). 'Other' methods included feedback from community and/or clients, oral presentation
11 assessment, etc. Some of the 'other' responses also elaborated on assessment method options that were presented, such as final reports (which could be considered a group-based written assignment in a design course), essay-type examinations (which is a type of test question), case analyses (which could be an individual homework assignment graded with a rubric), etc.
The majority of the co-curricular environments did not assess ethics learning outcomes, including 86% of the engineering service co-curricular groups and 89% of the non-ES cocurricular groups that work with communities raising concerns about determining the impact of these activities. Among the few that did, open-ended responses reported reflections, journals, surveys, and design documentation.
Satisfaction with ability to assess the outcomes of societal context and ethics education in SL courses ranged from very dissatisfied (1; 2%) to very satisfied (7; 9%) with an average of 4.9 (where 5 = somewhat satisfied). There was a higher average satisfaction level among those who used 4 to 8 different assessment methods, as compared to those who used fewer assessment methods ( Figure 1 ). The fact that some individuals were only moderately satisfied with their ability to assess the outcomes of ethics education despite a somewhat high number of assessment methods used is not surprising given the difficulty of assessing deeper affective and cognitive learning outcomes around macroethical issues.
FIGURE 1 AVERAGE AND RANGE OF SL INSTRUCTOR SATISFACTION WITH ABILITY TO ASSESS THE OUTCOMES OF ETHICS EDUCATION IN THEIR COURSE.
RQ4 -Sufficient education of engineering/computing students on societal impact/ethical issues?
Survey respondents were asked to indicate whether or not they believed that undergraduate and graduate students in their program received sufficient education on societal impacts (likely corresponding to macroethics) and ethical issues (more indicative of microethics); results are Table VIII . Twenty-four percent of the SL instructors felt that undergraduates received sufficient education on both these topics, and 11% felt this way about graduate education. Opinions were similar among the mentors of engineering service groups, but somewhat more of the mentors of other types of co-curricular groups that worked with communities felt that the ethics and broader impacts education of undergraduate and graduate students was sufficient. The highest rankings across the board went to, "no not enough" education on ethical issues with the greatest concerns for graduate student education. It should be noted, however, that the response pool to this survey may be biased toward engineering educators who value ethics education generally. This likely over-inflates the proportion of faculty who believe that there should be more ethics education in engineering programs as compared to the entire engineering education community. 
There were a number of very meaningful comments shared by the survey respondents who taught SL courses in response to the question "please share your thoughts about the education of engineering students regarding broader impacts and ethical issues" (69 respondents, 43%). A number of comments discussed the importance of these topics and the lack of enough student education on these issues. Along these lines, one response noted, "infusing considerations of the impacts of engineering design decisions for communities at risk or the greater population is profoundly missing from engineering education. We need education models for how to both educate engineering students in the fundamentals while understanding how creating idealized models of problems that can be quantified can end up with scenarios of significant social injustice or worse, huge negative ramifications." Some included recommendations of how to best teach these topics (inclusion in all technical courses, threaded through curriculum, case studies, integration with humanities/social science perspectives, etc.). For example, "No doubt it is extremely important for students to understand broader impacts and ethical issues. However, learning about it is very different than doing it / living it. I firmly believe that students learn best
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through experiential activities and as educators we must create educational ecosystems for them to have broader impacts and learn how to make good decisions and live with them." Others noted that some faculty and students do not value these topics, "The teaching of broader impacts and ethical issues always requires a "champion" faculty in the department. Not all faculty are on board with teaching this information, given the amount of fundamental engineering concepts that need to be covered." Some comments referred to accreditation requirements, and others to lifelong learning aspects. The comments also reflect the need for more than "coverage" or consideration of topics, but rather developing deeper levels of sophistication, motivation and behavior related to ethical issues. One participant noted, "It is necessary but insufficient for engineering students to only learn about broader impacts and ethical issues from other engineers. I believe the role of humanities and the arts is critical for the education of engineering students regarding broader impacts and ethical issues."
DISCUSSION
The results reveal that a number of engineering faculty members consider LTS as good opportunities to teach students about ethical issues. Previous research has found that LTS can achieve a broad diversity of learning outcomes, 12 and as-such may be considered an efficient pedagogy to meet a variety of learning goals. However, there are some ethical concerns with LTS approaches that have been voiced in the literature. International development work is particularly challenging. Community engagement opportunities should not be viewed as places where students "try their best" but could provide non-optimal solutions to their community partners; this learning curve is unacceptable given the often critical nature of the services being provided. One of the responses to the current survey reflects this concern:
The engineering to help work is very problematic because students often learn from mistakes they make. One year they paired with an ESW chapter on another campus that agreed to design trailers to be used as housing in Haiti... not realizing that (a) the group in Haiti that approached them was a missionary org using trailers to convert people to their religion and (b) there was no practical way to get the trailers to people in Haiti with logistical mess in the port and NGO frenzy going on there. They learned a lot by pulling out of the project. They learned they didn't have the cultural or language knowledge to work there. They learned the housing they were going to design was likely to be substandard and potentially hazardous for inhabitants.... and so on. The detailed review processes now in place at EWB-USA ideally ensure that licensed professional engineers with development skills approve both the processes and designs that will be implemented with partner communities 29 ; this is an important process to ensure that our ethical responsibilities as engineers are met to provide the best appropriate and sustainable solutions to community partners.
Further, in order to successfully achieve ethics learning outcomes it should not be assumed that student "exposure" to the needs of communities and people is sufficient. Engineering students need to be coached to respect others, and to reflect -to humbly listen to others intently and in an open-minded way. They need to consider themselves partners with members of the community, and not enter the work with a "deficit" model of the community with which they are partnering. [30] [31] [32] Some students may view the situation as one of "travel philanthropy" or "voluntourism", but this mindset can also result in many problems. [33] [34] One of the survey respondents shared this insight: "Modeling an ethical approach to international collaboration and exposing students to the power of a legacy of relationships built on trust and respect provides an example that may be more influential than a case study or lecture. A gentle analysis of the inherent ethical challenges of conventional engineering service projects helps students to develop the empathy that is necessary for ethical behavior." The survey results found little assessment of ethical learning outcomes in co-curricular settings, despite mentor beliefs that these environments were teaching students about these issues; this presents an opportunity for improvement and study.
There was some evidence to support the notion that LTS may be one element of effective ethics education of students, in alignment with the Four Domain Development Diagram 6 for learning. SL should involve working with community partners (the social domain), frequently included reflection (to activate the affective domain), and may have included hands-on projects (psychomotor domain). Many of the courses that included service-learning also included a number of other methods associated with ethics instruction and/or assessment. Assessment via homework and/or tests/quizzes is indicative of the cognitive domain. Use of group-based written assignments and team ratings as ethics assessment methods indicate social dimensions to learning. The in-class discussions, in-class debates, and think-pair-share pedagogies all would activate the social domain; engineering design includes cognitive and often psychomotor elements. The co-curricular LTS with engineering service groups also commonly included working with communities (the social domain), discussions (social and potentially affective), and design projects (cognitive and psychomotor domains). The co-curricular LTS has the added benefit of being self-selected, where autonomy typically leads to enhanced motivation for learning; this would also be true for elective SL courses. Although instructors may perceive that their ethics instruction in LTS settings is effective, student perspectives on ethics education via LTS should also be examined.
SUMMARY AND CONCLUSIONS
The results indicate a breadth of opportunities to teach students about macroethical issues via LTS. A single set of best practices did not emerge; rather, the results demonstrate many possibilities in a wide range of courses and co-curricular activities. Instructors who teach SL courses frequently include a rich diversity of ethics and societal impact topics, with a median of eight topics. Co-curricular groups focused on engineering service also typically incorporate a number of ethics-related topics, with a median of seven; in general, co-curricular service groups appear to focus somewhat less on microethical topics than SL courses. Opportunities for LTS are also infused into a number of non-ES co-curricular groups, with many engineering professional societies and honor societies working with communities in various ways; these also provide opportunities for students to develop a better understanding of the complexities of macroethical issues. The service and community engagement approaches to teach students about ethical issues seemed complementary to a variety of other teaching methods, in both courses and co-curricular activities. Discussions, case studies, and lectures were commonly used to teach ethics in SL courses. While 94% of SL courses assess the outcomes of ethics education, assessment was uncommon in co-curricular settings (only 14% engineering-service groups and 11% of non-ES groups that work with communities assess ethics learning outcomes). Additional assessment in co-curricular activities would help determine their value for developing outcomes. On average, SL courses used three different methods to assess ethics education outcomes. Individual reflective essays were the most prevalent assessment method used; this method is fully congruent with best practices for SL. The majority of survey respondents that work with communities felt that both undergraduate and graduate education was lacking in instruction on either ethics, macroethics, or both. Based on the survey comments, a number of faculty feel that ethics education that extends beyond cognitive learning outcomes to impact affective domains toward improved ethical behavior is both critical and lacking. LTS methods are likely to be well suited to achieve these goals, particularly when coupled with directed student reflection activities.
Thus, we encourage those who are engaging with communities via SL courses or cocurricular activities to view these as teachable moments with respect to engineering ethics. Thoughtfully considering the ethical dimensions of the projects and experiences prior to engaging with community partners can help to ensure the best outcomes from both the community and student learning perspectives. Thoughtfully discussing and reflecting on ethical dimensions arising during and after the community engagement experience will further develop students' ethical reasoning abilities. These community engagement opportunities may be particularly powerful in catalyzing future ethical behavior among engineers, as they can encompass cognitive, affective, social, and psychomotor domains of learning 6 in a situation that is motivating as students see that their contributions can have real benefits to their community partners.
